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(54) Mobile satellite communication system 

(57) A transmission power control method in a 
mobile satellite communication system implementing 
accurate control of transmission power of a base station 
by obtaining an average received signal level at a mobile 
station at high accuracy. The mobile station measures 
an average received signal level Q k in a predetermined 
period (step SP2), and informs the base station of the 
average received signal level and an actual measur- 
ing time T k (step SP3). The base station calculates a total 
measuring time t^ which is the sum total of the actual 
measuring time T k (step SP16). a corrected average 



received signal level R k associated with the average 
received signal level during the total measuring time ^ 
(step SP18), and a measuring error AD k (step SP17), 
and controls the transmission power on the basis of 
these values (step SP21). Estimating the measuring 
error AD k in the total measuring time t^ longer than the 
individual actual measuring time T k makes it possible to 
reduce the measuring error, thereby implementing highly 
accurate transmission power control. 
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Description 

The present invention relates to a mobile communi- 
cation system in which base stations are connected to 
mobile stations through a communication satellite, and 
in particular to a mobile satellite communication system 
and a transmission power control method in the system 
capable of achieving highly accurate transmission power 
control of forward links from a base station to mobile sta- 
tions. 

Generally, transmission power control is carried out 
between a base station and mobile stations. For exam- 
ple, the base station determines optimal transmission 
power using information on received signal levels fed 
from the mobile stations. This is performed for reducing 
interference between channels. 

Figs. 1 A and 1 B are diagrams illustrating radio-wave 
propagation characteristics in a cellular system. A radio 
wave radiated from a base station 1 arrives at a mobile 
station 2 through multipaths in the form of a direct wave 
4 and reflected waves 5 reflected on buildings 3 or the 
like. Accordingly, the radio-wave propagation character- 
istics are determined by multipath fading, and the 
received power level of the mobile station 2 sharply var- 
ies in short periods as shown in Fig. 1B. This enables 
the mobile station 2 to obtain a considerably accurate 
average received signal level by detecting the level of a 
signal in a short period. The mobile station 2 informs the 
base station 1 of the average received signal level, and 
the base station 1 controls the forward link transmission 
power to the mobile station 2 on the basis of the infor- 
mation. 

Fig. 2 is a diagram illustrating the forward link trans- 
mission power control. As shown in Fig. 2(B), the mobile 
station 2 calculates the average received signal level at 
each measuring period T, and informs the base station 

1 of the values. The base station 1 transmits at the trans- 
mission power corresponding to the level each time the 
average received signal level information is provided as 
shown in Fig. 2(A). Through such forward link transmis- 
sion power control, the transmission power from the base 
station 1 to the mobile station 2 reaches an optimum 
value in a rather short time. In this case, the control error 
E contained in the transmission power control value of 
the base station is kept approximately constant regard- 
less of the transmission power as shown in Fig. 2(C). 
This is because the measuring period at the mobile sta- 
tion 2 is constant. 

In contrast with this, in a mobile satellite communi- 
cation system, in which the base station 1 is linked with 
the mobile station 2 byway of a satellite, the transmission 
power control is chiefly needed for effectively availing the 
power of the satellite. 

Figs. 3A and 3B are diagrams illustrating radio-wave 
propagation characteristics of a mobile satellite commu- 
nication system. A radio wave radiated from the base sta- 
tion 1 reaches a satellite 10 through a path 11, is 
repeated by the satellite, and arrives at the mobile station 

2 through a path 12. Accordingly, the radio-wave propa- 



gation characteristics of the mobile satellite communica- 
tion system do not exhibit multipath fading 
characteristics as in the cellular system, and the direct 
wave from the satellite 1 0 to the mobile station 2 is dom- 
5 inant. Thus, the variation in the mobile satellite commu- 
nication system exhibits Rice fading of about 1 Hz in 
bandwidth and a CM (Carrier-to-Multipath fading) of an 
order of ten dB. Accordingly, an accurate average 
received signal level cannot be expected by short period 
to measurement. As a result, the transmission power con- 
trol as employed in the cellular system presents a prob- 
lem in the mobile satellite communication system in that 
it cannot provide accurate transmission power control. 
This will result in considerable degradation in channel 
is quality and poor availability of the satellite power. 

It is therefore an object of the present invention to 
provide a mobile satellite communication system and a 
transmission power control method in the system which 
can achieve accurate transmission power control in the 
20 shortest time possible. 

In a first aspect of the present invention, there is pro- 
vided a mobile satellite communication system in which 
a base station is connected with a mobile station via a 
communication satellite, 
25 the mobile station comprising: 

measuring means for obtaining an actual meas- 
uring time T k and an average received signal level Q k (k 
= 1,2, ...) in a predetermined measuring period T; and 
transmission means for informing the base station 
30 oftheactual measuring time T k and the average received 
signal level Q k , and 

the base station comprising: 
means for extracting the actual measuring time T k 
and the average received signal level from a received 
35 signal sent from the mobile station; 

means for calculating a total measuring time ^ 
which is a sum total of the actual measuring time T k ; 

means for obtaining a measuring error AD k of an 
average received signal level in the total measuring time 

storing means for storing a total measuring time 
t^, a corrected average received signal level P^.-i and 
a transmission power control amount AP^ at the end of 
a preceding measuring period of the mobile station, 

45 means for obtaining a corrected average received 

signal level R k at the end of a present measuring period 
of the mobile station on the basis of the corrected aver- 
age received signal level R ko , the transmission power 
control amount AP^, the total measuring time t^, the 

so average received signal level Q k , the actual measuring 
time T k and the total measuring time V, 

means for calculating a transmission power con- 
trol amount AP k of the base station on the basis of the 
measuring error AD k and a difference between the cor- 

55 rected average received signal level R* and a predeter- 
mined reference value R re( of the received signal level of 
the mobile station; and 

means for obtaining present transmission power 
P k from the transmission power control amount AP k and 
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preceding transmission power P^. and for controlling 
the transmission power of the base station by the present 
transmission power P k . 

Here, the base station may comprise means for set- 
ting an initial value Po of the transmission power at a pre- 
determined value. 

The means for calculating a transmission power 
control amount may obtain the present transmission 
power control amount AP k of the base station by adding 
the measuring error AD k to a difference between the ref- 
erence value R re f of the received signal level and the cor- 
rected average received signal level Rk- 

The means for calculating a transmission power 
control amount may obtain the present transmission 
power control amount AP k of the base station by adding 
a sum of the measuring error AD k and a level setting error 
AS k at the base station to a difference between the ref- 
erence value R re f of the received signal level and the cor- 
rected average received signal level 

The means for obtaining the measuring error may 
obtain the measuring error AD k by dividing a predeter- 
mined value C by a square root of the total measuring 
time t«. 

The means for obtaining the corrected average 
received signal level may obtain the corrected average 
received signal level R|< by the following equation: 



R k = {(R k -i + APk-i)tk- 



+ Q k T k }/t k 



In a second aspect of the present invention, there 
is provided a mobile satellite communication system in 
which a base station is connected with a mobile station 
via a communication satellite, 

the mobile station comprising: 

measuring means for obtaining an actual meas- 
uring time T k and an average received signal level Q k (k 
= 1,2, ...) in a predetermined measuring period T; 

means for calculating a total measuring time t^ 
which is a sum total of the actual measuring time T k ; 

means for obtaining a measuring error AD k of an 
average received signal level in the total measuring time 
tk: 

storing means for storing a total measuring time 
t k _i and a corrected average received signal level R^ at 
the end of a preceding measuring period of the mobile 
station; 

means for extracting a transmission power control 
amount AP k .-| from a signal transmitted from the base 
station to the mobile station; 

means for obtaining a corrected average received 
signal level R k at the end of a present measuring period 
of the mobile station on the basis of the corrected aver- 
age received signal level R^,, the transmission power 
control amount AP k .,. the total measuring time t^i. the 
average received signal level Q k . the actual measuring 
time T k and the total measuring time t^; and 

transmission means for informing the base station 
of the corrected average received signal level R*. and 

the base station comprising: 



means for extracting the corrected average 
received signal level R k from a received signal sent from 
the mobile station; 

means for calculating the transmission power 

5 control amount AP k of the base station on the basis of a 
prestored level setting error AS k and a difference 
between the corrected average received signal level R k 
and a predetermined reference value R ref of the received 
signal level of the mobile station; 

io means for obtaining present transmission power 

P k from the transmission power control amount AP k and 
preceding transmission power P k .-|. and for controlling 
the transmission power of the base station by the present 
transmission power P k , and 

J5 means for transmitting information on the present 

transmission power control amount AP k to the mobile 
station. 

Here, the mobile station may further comprise 
means for setting an initial value Po of the transmission 
so power at a predetermined value. 

The means for calculating a transmission power 
control amount may obtain the present transmission 
power control amount AP k of the base station by adding 
the level setting error AS k to a difference between the 
25 reference value R ref of the received signal level and the 
corrected average received signal level R k . 

The means for obtaining the measuring error may 
obtain the measuring error AD k by dividing a predeter- 
mined value C by a square root of the total measuring 
30 time t*. 

The means for obtaining corrected average received 
signal level may obtain the corrected average received 
signal level P^ by the following equation: 



35 



Rk = « R k-i + AP k-i)t k -i +Qk T k)/tk- AD k 



In a third aspect of the present invention, there is 
provided a base station in a mobile satellite communica- 
tion system in which the base station is connected with 

40 a mobile station via a communication satellite, the base 
station comprising: 

means for extracting from a received signal an 
actual measuring time T k and an average received signal 
level Q k (k = 1, 2, ...) in a predetermined measuring 

45 period T, the actual measuring time T k and the average 
received signal level Q k being obtained at the mobile sta- 
tion and transmitted from the mobile station to the base 
station; 

means for calculating a total measuring time t* 
so which is a sum total of the actual measuring time T k ; 

means for obtaining a measuring error AD k of an 
average received signal level in the total measuring time 

tk; 

storing means for storing a total measuring time 
55 t|,.i,a corrected average received signal level R^ and 
a transmission power control amount AP^ at the end of 
a preceding measuring period of the mobile station, 

means for obtaining a corrected average received 
signal level Rk at the end of a present measuring period 
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of the mobile station on the basis of the corrected aver- 
age received signal level R k o. the transmission power 
control amount AP k o, t ne total measuring time t k .v the 
average received signal level Q k , the actual measuring 
time T k and the total measuring time t,<; 

means for calculating a transmission power con- 
trol amount AP k of the base station on the basis of the 
measuring error AD k and a difference between the cor- 
rected average received signal level R k and a predeter- 
mined reference value R ref of the received signal level of 
the mobile station; and 

means for obtaining present transmission power 
P k from the transmission power control amount AP k and 
preceding transmission power P k _i, and for controlling 
the transmission power of the base station by the present 
transmission power P k . 

In a fourth aspect of the present invention, there is 
provided a mobile station in a mobile satellite communi- 
cation system in which a base station is connected with 
a mobile station via a communication satellite, the mobile 
station comprising: 

measuring means for obtaining an actual meas- 
uring time T k and an average received signal level Q k (k 
= 1,2, ...) in a predetermined measuring period T; and 
transmission means for informing the base station 
of the actual measuring time T k and the average received 
signal level Q k . 

In af ifth aspect of the present invention, there is pro- 
vided a mobile station in a mobile satellite communica- 
tion system in which a base station is connected with a 
mobile station via a communication satellite, the mobile 
station comprising: 

measuring means for obtaining an actual meas- 
uring time T k and an average received signal level Q k (k 
= 1,2, ...) in a predetermined measuring period T; 

means for calculating a total measuring time t k 
which is a sum total of the actual measuring time T k ; 

means for obtaining a measuring error AD^ of an 
average received signal level in the total measuring time 

storing means for storing a total measuring time 
t^ and a corrected average received signal level R k .i at 
the end of a preceding measuring period of the mobile 
station; 

means for extracting a transmission power control 
amount AP k _i from a signal transmitted from the base 
station to the mobile station; 

means for obtaining a corrected average received 
signal level R k at the end of a present measuring period 
of the mobile station on the basis of the corrected aver- 
age received signal level R k . 1t the transmission power 
control amount AP k .-|. the total measuring time t^, the 
average received signal level Q k . the actual measuring 
time T k and the total measuring time t*; and 

transmission means for informing the base station 
of the corrected average received signal level R k . 

In a sixth aspect of the present invention, there is 
provided a base station in a mobile station in a mobile 
satellite communication system in which a base station 



is connected with a mobile station via a communication 
satellite, the base station comprising: 

means for extracting a corrected average 
received signal level R k from a received signal sent from 
5 the mobile station; 

means for calculating a transmission power con- 
trol amount AP k of the base station on the basis of a 
prestored level setting error AS k and a difference 
between the corrected average received signal level R k 
10 and a predetermined reference value R re f of the received 
signal level of the mobile station; 

means for obtaining present transmission power 
P k from the transmission power control amount AP k and 
preceding transmission power P^, and for controlling 
75 the transmission power of the base station by the present 
transmission power P k ; and 

means for transmitting information on the present 
transmission power control amount AP k to the mobile 
station. 

20 In a seventh aspect of the present invention, there 
is provided a mobile satellite communication system in 
which a base station is connected with a mobile station 
via a communication satellite, 

the mobile station comprising: 
25 measuring means for obtaining an actual meas- 

uring time T k and an average received signal level Q k (k 
= 1,2, ...) in a predetermined measuring period T; and 
transmission means for informing the base station 
of the actual measuring time T k and the average received 
30 signal level Q k , and 

the base station comprising: 
means for extracting the actual measuring time T k 
and the average received signal level Q k from a received 
signal sent from the mobile station; 
35 means for calculating a total measuring time t^ 

which is a sum total of the actual measuring time T k ; 

means for obtaining a measuring error AD k of an 
average received signal level in the total measuring time 

40 means for obtaining a total error AE k by adding 

the measuring error AD k to a predetermined level setting 
error AS k ; 

storing means for storing a total measuring time 
t^, a corrected average received signal level R^ and 

45 a transmission power control amount AP k ^ at the end of 
a preceding measuring period of the mobile station; 

means for obtaining a corrected average received 
signal level R k at the end of a present measuring period 
of the mobile station on the basis of a predetermined ref- 

50 erence value R re , of the received signal level of the 
mobile station, the total error AE k , the total measuring 
time k.-i. the average received signal level Q k , the actual 
measuring time T k and the total measuring time t* by the 
following equation; 

55 

R k ={(R re( + AE^Jtk., +Q k T k }/t k 

means for calculating a transmission power con- 
trol amount AP k of the base station on the basis of the 
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total error AE k and a difference between the reference 
value R rS f of the received signal level and the corrected 
average received signal level R k ; and 

means for obtaining present transmission power 
P k from the transmission power control amount AP k and 
preceding transmission power P k _i, and for controlling 
the transmission power of the base station by the present 
transmission power P k . 

In an eighth aspect of the present invention, there is 
provided a mobile satellite communication system in 
which a base station is connected with a mobile station 
via a communication satellite, 

the mobile station comprising: 

measuring means for obtaining an actual meas- 
uring time T k and an average received signal level Q k (k 
= 1.2, ...) in a predetermined measuring period T; 

means for calculating a total measuring time t* 
which is a sum total of the actual measuring time T k ; 

means for obtaining a measuring error AD k of an 
average received signal level in the total measuring time 

storing means for storing a total measuring time 
t k .i and a corrected average received signal level R^ at 
the end of a preceding measuring period of the mobile 
station; 

means for extracting a transmission power control 
amount AP k .-, from a signal transmitted from the base 
station to the mobile station; 

means for obtaining a corrected average received 
signal level R k at the end of a present measuring period 
of the mobile station on the basis of a reference value 
R re( of the received signal level of the mobile station, a 
predetermined level setting error AJ^ of the base station, 
the total measuring timet^, the average received signal 
level Q k , the actual measuring time T k and the total 
measuring time t* by the following equation; 

R k = l( R ref + AS k-l)»k-1 +Q k T k }/t k 

transmission means for informing the base station 
of the corrected average received signal level f\, and 

the base station comprising: 

means for extracting the corrected average 
received signal level R k from a received signal sent from 
the mobile station; 

means for calculating the transmission power 
control amount AP k of the base station on the basis of 
the level setting error AS k and a difference between the 
corrected average received signal level R k and the pre- 
determined reference value R ref of the received signal 
level of the mobile station; 

means for obtaining present transmission power 
P k from the transmission power control amount AP k and 
preceding transmission power P k .-\. and for controlling 
the transmission power of the base station by the present 
transmission power P k ; and 

means for transmitting information on the present 
transmission power control amount AP k to the mobile 
station. 



In a ninth aspect of the present invention, there is 
provided a transmission power control method in a 
mobile satellite communication system in which a base 
station is connected with a mobile station via a commu- 
5 nication satellite, 

the method comprising the steps of: 
obtaining an actual measuring time T k and an 
average received signal level Q k (k = 1 , 2, ...) in a prede- 
termined measuring period T at the mobile station; 
10 calculating a total measuring time t* which is a 

sum total of the actual measuring time T k ; 

obtaining a measuring error AD k of an average 
received signal level in the total measuring time t^ 

storing a total measuring time , a corrected 
15 average received signal level R^ and a transmission 
power control amount AP k .i at the end of a preceding 
measuring period of the mobile station; 

obtaining a corrected average received signal 
level R k at the end of a present measuring period of the 
20 mobile station on the basis of the corrected average 
received signal level R k _i , the transmission power control 
amount AP k _i, the total measuring time tj<.i, the average 
received signal level Q k , the actual measuring time T k 
and the total measuring timet*; 
2 5 calculating a transmission power control amount 

AP k of the base station on the basis of the measuring 
error AD k and a difference between the corrected aver- 
age received signal level R|< and a predetermined refer- 
ence value R re ( of the received signal level of the mobile 
30 station; and 

obtaining present transmission power P k from the 
transmission power control amount AP k and preceding 
transmission power P k . , , and for controlling the transmis- 
sion power of the base station by the present transmis- 
35 sion power P k . 

According to the present invention, the total meas- 
uring time is obtained by sequentially summing up the 
actual measuring time. In addition, the corrected average 
received signal level during the total measuring time at 
40 the mobile station is calculated. In the mobile satellite 
communication system, it is known that the measuring 
error of the received signal level is inversely proportional 
to the square root of the measuring time. Consequently, 
the system in accordance with the present invention can 
45 reduce the measuring error of the received signal level 
in comparison with the conventional system which 
obtains the average received signal level in individual 
measuring periods, thereby implementing accurate 
transmission power control. 
so The above and other objects, effects, features and 
advantages of the present invention will become more 
apparent from the following description of the embodi- 
ments thereof taken in conjunction with the accompany- 
ing drawings. 

55 

Fig. 1 A is a schematic diagram illustrating multipath 
fading in a cellular system; 

Fig. 1 B is a graph illustrating received signal level . 
variations at a mobile station in the cellular system; 
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Fig. 2 is a diagram showing an example of transmis- 
sion power control timings on a forward link channel 
in the cellular system; 

Fig. 3A is a schematic diagram illustrating the behav- 
ior of radio-wave propagation characteristics in a 5 
mobile satellite communication system; 
Fig. 3B is a graph illustrating received signal level 
variations at a mobile station in the mobile satellite 
communication system; 

Fig. 4 is a block diagram showing a base station in to 
a first embodiment of a mobile satellite communica- 
tion system in accordance with the present inven- 
tion; 

Fig. 5 is a block diagram showing a mobile station in 
the first embodiment of a mobile satellite communi- rs 
cation system in accordance with the present inven- 
tion; 

Fig. 6 is a schematic diagram illustrating a format of 
received signal level information; 
Fig. 7 is a block diagram showing an internal conf ig- 20 
uration of a calculator and a controller in the base 
station of the first embodiment; 
Fig. 8 is a block diagram showing an internal config- 
uration of a measuring block in the mobile station of 
the first embodiment; 25 
Fig. 9 is a diagram illustrating an example of trans- 
mission power control timings on a forward link 
channel in the first embodiment; 
Fig. 10 is a flowchart showing the operation of the 
mobile station of the first embodiment; 30 
Fig. 1 1 is a flowchart showing the operation of the 
base station of the first embodiment; 
Fig. 12 is a block diagram showing a base station in 
a second embodiment of a mobile satellite commu- 
nication system in accordance with the present 35 
invention; 

Fig. 13 is a block diagram showing a mobile station 
in the second embodiment of a mobile satellite com- 
munication system in accordance with the present 
invention; 40 
Fig. 1 4 is a block diagram showing an internal con- 
figuration of a calculator in the mobile station of the 
second embodiment; 

Fig. 15 is a flowchart showing the operation of the 
base station of the second embodiment; and 45 
Fig. 16 is a flowchart showing the operation of the 
mobile station of the second embodiment. 

The invention will now be described with reference 
to the accompanying drawings. so 

EMBODIMENT 1 

Figs. 4 and 5 are block diagrams showing a first 
embodiment of a mobile satellite communication system 55 
in accordance with the present invention, where Fig. 4 
shows a base station, and Fig. 5 shows a mobile station. 

Before explaining the base station and the mobile 
station, technical terms used in the specification will be 



10 

described. A mobile station measures a received signal 
level at a constant measuring period T. In the mobile 
communications, VOX (Voice Operated Transmission) is 
usually employed, and a carrier is emitted only when a 
speech spurt is present. Thus, the mobile station does 
not receive the radio wave continuously from the base 
station. Taking account of this, the time during which the 
radio wave is actually received in the measuring period 
is referred to as an actual measuring time T k in this spec- 
ification, where k is the number indicating measuring 
sequence and taking values of 1, 2, 3, ... An average 
received signal level during the measuring period T, that 
is, a value obtained by dividing a time integral of the 
measured received signal level by the actual measuring 
time T k is referred to as an average received signal level 
Qk. In addition, the sum total of the actual measuring 
times T k is referred to as a total measuring time t^. A cor- 
rected value of the average received signal level calcu- 
lated over the total measuring time t* is referred to as a 
corrected average received signal level f\. 

In Fig. 4, a signal transmitted from a mobile station 
is received by an antenna 21, and is fed to a receiving 
amplifier 25 via a diplexer 23. The received signal ampli- 
fied by the receiving amplifier 25 is detected and demod- 
ulated by a receiver 27, and is outputted from an output 
terminal 29 of the receiver as received data. The receiver 
27 also extracts an average received signal level Q k and 
an actual measuring time T k from the received signal. 

Fig. 6 is a schematic diagram showing a format of a 
signal SG including the information on the average 
received signal level Q k and the actual measuring time 
T k . The signal SG is inserted into the received signal, 
and contains a signal identifier ID indicating the type of 
the signal, and information on the average received sig- 
nal level Q k and the actual measuring time T k . 

Returning to Fig. 4, the receiver 27 extracts the sig- 
nal SG from the received signal, and supplies a calcula- 
tor 31 with the average received signal level Q k and the 
actual measuring time T k . The calculator 31 calculates, 
in a manner which will be described later, a total meas- 
uring time tx, a corrected average received signal level 
Rio a received signal level measuring error AD k , a total 
error AE k and a transmission power control amount AP k . 
Part of the calculation results is fed to a memory 33 and 
a controller 35. The memory 33 stores the latest data on 
the total measuring time and the corrected average 
received signal level. 

The controller 35 calculates transmission power P k 
on the basis of the transmission power control amount 
AP k fed from the calculator 31 , details of which will also 
be described later. 

Transmission data inputted to an input terminal 41 
of a transmitter 43 is framed into a predetermined format, 
and is modulated and fed to a transmitting amplifier 45 
as a transmitted signal. The transmitting amplifier 45 
supplies the antenna 2 1 via the diplexer 23 with the trans- 
mission signal having transmission power determined by 
a transmission power control signal fed from the control- 
ler 35, thereby transmitting it to mobile stations. 
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A mobile station as shown in Fig. 5 receives the sig- 
nal from the base station by an antenna 51 . The received 
signal is fed to a receiver 57 through a diplexer 53 and a 
receiving amplifier 55. The receiver 57 demodulates the 
received signal, and outputs the demodulated data 5 
(received data) from an output terminal 59 of the 
receiver. The receiver 57 also supplies a measuring 
Mock 61 with the received data and the received signal. 

The measuring block 61 measures the level of the 
received signal, obtains the average received signal level 10 
Qk at each measuring period T determined in advance, 
and feeds the average received signal level Q k and the 
actual measuring time T k to a transmitter 73. 

A transmitter 73 inserts the average received signal 
level Qk and the actual measuring time T k into the trans- 75 
mtted data npuued to an input terminal 71 of the trans- 
mine' m the tashon as shown in Fig. 6, and provides it 
to a transmitting amplrfier 75 as a transmitted signal. The 
transmitting amplifier 75 supplies the transmitted signal 
to the antenna 51 via the diplexer 53. thereby transmit- 20 
ting it to the base station. 

Fig 7 is a block diagram showing the calculator 31 
and the controller 35 of the base station. 

The calculator 31 includes a total measuring time 
calculator 3 1 1 , a corrected average received signal level 25 
calculator 313. a measuring error calculator 315, a total 
error calculator 317 and a transmission power control 
amount calculator 319. 

The total measuring time calculator 31 1 sequentially 
sums up the actual measuring time T k which is sent from 30 
the mobile station and is fed via the receiver 27 of the 
base station, thereby obtaining the total measuring time 
t k equal to the sum total of the actual measuring times 
T k . The total measuring time t^ is fed to the corrected 
average received signal level calculator 313, the meas- 35 
uring error calculator 315 and the memory 33. 

The measuring error calculator 315 calculates a 
measuring error AD k at the mobile station over the total 
measuring time tk- It is known that the measuring error 
AD k is inversely proportional to the square root of the *o 
measuring time (Nishi. et al. "Beam Selection Charac- 
teristics in Multi-Beam Mobile Satellite Communica- 
tions", Technical Report of the Institute of Electronics, 
Information and Communication Engineers of Japan, 
SAT-89-50,1989-11). Therefore the measuring error AD k 45 
is expressed by the following equation. 

AD k = C/(t k ) 1/2 (1) 

where C is a measuring error coefficient obtained from so 
a ratio between the direct wave and the reflected waves 
from the satellite to the mobile station, and can be set in 
advance. As is seen from this equation, an increasing 
measuring time results in a smaller measuring error AD k . 
The measuring error AD k is fed to the total error calcula- 55 
tor 3 17. 

The corrected average received signal level calcu- 
lator 31 3 calculates the corrected average received sig- 
nal level Ft k given by the following equation. 



R k = «RK-i +AP k . 1 )t k . 1 +Q k T k }/t k (2) 

In other words, the corrected average received signal 
level calculator 313 obtains the present corrected aver- 
age received signal level F5 k by taking a time average 
between the present average received signal level Q k 
and the sum of the corrected average received signal 
level R k .! until the end of the preceding measurement 
and the preceding transmission power control amount 
AP k .-|. Here, the total measuring time t k .i, the corrected 
average received signal level R^ and the transmission 
power control amount AP k ..| at the end of the preceding 
measurement are fed from the memory 33. The total 
measuring time 1^ until the end of the present measure- 
ment is fed from the total measuring time calculator 31 1 , 
and the present actual measuring time T k and average 
received signal level Q k are fed from the receiver 27. 

The total error calculator 317 calculates the total 
error AE k by the following equation. 

AE k = AD k + AS k (3) 

where AS k is a level setting error due to step value errors 
of an attenuator for adjusting the transmission power of 
the base station, and can be set in advance. The level 
setting error AS,, is fed from the memory 33. The total 
error AE k is supplied to the transmission power control 
amount calculator 319. 

The transmission power control amount calculator 
319 calculates the present transmission power control 
amount AP k given by the following equation. 

AP k = R ret - R k + AE k (4) 

where R ref is a preset reference value of the received 
signal level at the mobile station. In other words, the 
present transmission power control amount AP k is 
obtained by subtracting the present corrected average 
received signal level from the sum of the reference value 
of received signal level and the total error. The transmis- 
sion power control amount AP k is fed to the controller 35. 

The controller 35 includes a transmission power cal- 
culator 351 . The transmission power calculator 351 cal- 
culates the present transmission power P k by the 
following equation. 

P k = P k -!+AP K (5) 

In other words, it obtains the present transmission power 
P k by adding the present transmission power control 
amount AP k to the preceding transmission power P k _, . 
The transmission power P k is fed to the transmitting 
amplifier 45 so that the transmission power thereof 
equals the transmission power P k . 

The thus obtained corrected average received sig- 
nal level R k . transmission power control amount AP k and 
total measuring time t* are stored in the memory 33. 
These data are necessary for calculating the next cor- 
rected average received signal level. 
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Fig. 8 is a block diagram showing the internal con- 
figuration of the measuring block 61 of the mobile station. 
The measuring block 61 includes a measuring period 
controller 61 1 and a received signal level detector 613. 

The measuring period controller 61 1 extracts the 
frame period from the received signal, and multiplies it 
by a predetermined integer to obtain the measuring 
period. The measuring period controller 61 1 also meas- 
ures the actual measuring time T k by searching the VOX 
control signal. Since the VOX is controlled on the frame 
basis, the actual measuring time T k can be measured by 
counting the number of frames including speech spurts, 
and by multiplying that number by the length of the 
received frame. The measuring period controller 611 
provides the measuring period T and the actual meas- 
uring time T k to the received signal level detector 613. 

The received signal level detector 61 3 measures the 
received signal level L(t) in each measuring period fed 
from the measuring period controller 611, and obtains 
the average received signal level Q^. The average 
received signal level Q k can be obtained either by divid- 
ing the time integral of the received signal level L(t) by 
the actual measuring time T k , or by measuring the bit 
error rate at every measuring period, and converting it 
into the received signal level by using a conversion table 
prestored in the mobile station, either of which can be 
readily implemented. 

Next, the outline of the operation of this embodiment 
will be described with reference to Fig. 9. In the following 
description, the parameters at the measuring period k (k 
= 1 , 2, 3, ...) are defined as follows as described before: 
the transmission power of the base station is P k .f \ the 
actual measuring time of the mobile station is T k ; the 
average received signal level in the actual measuring 
time T k is Q k ; the total measuring time until the end of 
the measuring period k is t k ; and the corrected average 
received signal level in the total measuring time t* is R k . 
In addition, the measuring period is denoted by T (a fixed 
value). Incidentally, the actual measuring time T k and the 
total measuring time ^ as shown in Fig. 9 depend on the 
time in which the radio wave is actually received as 
described before. Accordingly, they will become shorter 
than are indicated in Fig. 9. 

As shown in Fig. 9(B), the mobile station measures 
the received signal level at every measuring period k 
independently, and calculates the average value thereof. 
The mobile station informs the base station of the aver- 
age received signal level Q k thus obtained together with 
the actual measuring time T k each time they are 
obtained. In other words, the base station receives the 
average received signal level Q k and the actual measur- 
ing time T k at every measuring period. 

The base station sums up the received actual meas- 
uring time T k to obtain the total measuring time t^. cal- 
culates the corrected average received signal level P^ in 
the total measuring time t k and the measuring error AD k , 
and determines the transmission power P k on the basis 
of these values. It is known that the measuring error of 
the average received signal level is inversely propor- 



tional to the square root of the measuring time in the 
mobile satellite communication system as mentioned 
before. Accordingly, the measuring error will decrease 
as the measuring time grows longer. Thus, the total error 

5 AE k contained in the transmission power control amount 
of the base station gradually decreases as shown in Fig. 
9(C). Hence, the received signal level of the mobile sta- 
tion converges to a desired value in a shorter time than 
in the conventional mobile station as shown in Fig. 2. 

10 Figs. 10 and 1 1 are flowcharts showing details of the 
above-mentioned operation of the transmission power 
control, where Fig. 10 shows the operation of the mobile 
station, and Fig. 11 shows that of the base station. 
Although it will be necessary to consider a propagation 

75 delay in a practical system because the propagation 
delay is large in the mobile satellite communications, the 
delay is not considered in the following description 
because it can be readily compensated. 

so I. Control procedure of the mobile station. 

The measuring block 61 initiates the measurement 
of the average received signal level simultaneously with 
the start of communications. More specifically, at step 

25 SP1 of Fig. 10, the measuring block 61 sets the meas- 
uring period number k at k=1 . At step SP2, it measures 
the actual measuring time T k and the average received 
signal level Q k in every predetermined measuring period 
T. The average received signal level Q k is provided to the 

30 base station together with the actual measuring time T k 
through the transmitter 73 at step SP3. The processing 
is continued until the end of the communications is 
detected at step SP4. More specifically, each time the 
measuring block 61 detects the passing of the measuring 

35 period T at step SP5, it increments the measuring period 
number k at step SP6, and continues the measurement 
at step SP2 during the communications. Thus, the aver- 
age received signal levels Q,, Q 2 . ... and the actual 
measuring times T 1t T 2 when the base station trans- 

to mits at the transmission power P 0 , Pi, ... are sent from 
the mobile station to the base station. They are sent in 
the format as shown in Fig. 6 as described before. 

II. Control procedure of the base station 

45 

I . Initial procedure 

After completing the initial set at step SP1 1 of Fig. 

II, the base station starts transmission at predeter- 
50 mined initial transmission power P 0 at step SP12. The 

base station keeps this transmission power until it 
receives the first information on the average received sig- 
nal level Qi from the mobile station. As the initial trans- 
mission power, the maximum transmission power of the 
55 base station or transmission power determined in 
advance in accordance with the type of the mobile station 
is available. 
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2. The k-th transmission power control procedure 

The receiver 27 of the base station decides whether 
the next information is received or not from the mobile 
station at step SP13. Upon receiving the next informa- 
tion, the receiver 27 increments the measuring period 
number k by one at step SP1 4, and extracts at step SP1 5 
the k-th average received signal level Q k and actual 
measuring time T k sent from the mobile station, and sup- 
plies them to the calculator 31. 

The total measuring time calculator 31 1 of the cal- 
culator 31 computes the total measuring time t k at step 
SP16. It is obtained by adding the present actual meas- 
uring time T k to the preceding total measuring time t k .-|. 
The measuring error calculator 315 of the calculator 31 
computes the measuring error AD k of the mobile station 
at step SP17, and the corrected average received signal 
level calculator 313 calculates the corrected average 
received signal level R k at step SP18. In addition, the 
transmission power control amount calculator 31 9 of the 
calculator 31 computes the present transmission power 
control amount AP k at step SP1 9. The corrected average 
received signal level R k , transmission power control 
amount AP k and total measuring time t* are stored in the 
memory 33 at step SP20. These values are necessary 
for calculating the next corrected average received signal 
level. At step SP21, the transmission power calculator 
351 computes the present transmission power P k . and 
controls the transmitting amplifier 45 such that its trans- 
mission power is adjusted to this value. 

At step SP22, the receiver 27 detects whether or not 
the communications continue, and terminates the 
processing if it detects the end of the communications. 
On the other hand, if the communications continue, the 
receiver returns its control to step SP13, and awaits the 
next information from the mobile station. Upon receiving 
the next information, the receiver 27 increments k at step 
SP14. and repeats similar procedures. 

Since the present embodiment employs the cor- 
rected average received signal level R k over the total 
measuring time ^ instead of the average received signal 
level Q k in the actual measuring time T k in calculating 
the transmission power, the measuring time for calculat- 
ing the average received signal level grows longer. As a 
result, the present invention can obtain more accurate 
transmission power than the conventional system. 

Although the present embodiment obtains the cor- 
rected average received signal level R k by equation (2), 
a calculation method is not limited to this. For example, 
noticing the first term of the right-hand side of equation 
(2) and equation (4). it is seen that the following equation 
holds. 

Rr.1 +AP k-1 = R ref + A E k-1 (6) 

Substituting the right-hand side of this equation into 
equation (2) will result in the corrected average received 
signal level P*. That is. the corrected average received 
signal level R k can be obtained by the following equation. 



Rk = {(R re( + AE k . 1 )t k . 1 + Q k T k }/t k (7) 

In this case, it is enough that the total error AE k is stored 
instead of the left-hand side of equation (6). 

5 

EMBODIMENT 2 

Figs. 12 and 13 are block diagrams showing a sec- 
ond embodiment of a mobile satellite communication 

io system in accordance with the present invention, 
wherein Fig. 12 shows a base station and Fig. 13 shows 
a mobile station. In this embodiment, the corrected aver- 
age received signal level R k and the measuring error AD k 
are obtained at the mobile station side, and then trans- 

is mitted to the base station. This embodiment basically dif- 
fers from the first embodiment in the following. 

(1 ) The memory 33 of the base station is obviated. 

(2) The controller 35 of the base station obtains the 
20 present transmission power P k by summing up the 

transmission power control amount AP k and the pre- 
ceding transmission power P^ , and transmits the 
transmission power control amount AP k to the 
mobile station through the transmitter 43. 
25 (3) The mobile station is provided with a calculator 
63 and a memory 65. 

(4) The calculator 63 obtains the present corrected 
average received signal level R k from the actual 
measuring time T k and average received signal level 

30 Q k fed from a measuring block 61 , the preceding cor- 
rected average received signal level R^ and total 
measuring time t^ stored in the memory 65, and 
the transmission power control amount AP^ fed 
from the receiver 57. 

35 (5) The mobile station transmits the corrected aver- 
age received signal level R k to the base station 
through a transmitter 73. 

Fig. 14 is a block diagram showing the internal con- 
40 figuration of the calculator 63 of the mobile station. 

The calculator 63 includes a total measuring time 
calculator 631 , a corrected average received signal level 
calculator 633, and a measuring error calculator 635. 
The total measuring time calculator 631 calculates 
45 the total measuring time t k , the total sum of the actual 
measuring time T k . The total measuring time t k is fed to 
the corrected average received signal level calculator 
633, the measuring error calculator 635 and the memory 
65. The measuring error calculator 635 calculates the 
so measuring error AD k of the mobile station over the total 
measuring time t k . The functions of the calculators 631 
and 635 are similar to those of their counterparts 31 1 
and 315 in the base station of the first embodiment. 
The corrected average received signal level calcu- 
55 lator 633 calculates the corrected average received sig- 
nal level R|< given by the following equation. 

R K =« R k-i + AP k-i)»k-i +Qk T k}*k-*D k ( 8 ) 
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In other words, the corrected average received signal 
level calculator 633 obtains the present corrected aver- 
age received signal level R k by calculating the time aver- 
age of the present average received signal level Q k and 
the sum of the corrected average received signal level 5 
R k ., and the transmission power control amount AP k .-| 
at the end point of the preceding measurement, and by 
subtracting the measuring error AD k from its result Here, 
the total measuring time t k .-| and the corrected average 
received signal level R k .-| at the end of the preceding jo 
measurement are fed from the memory 65. The trans- 
mission power control amount AP k _i , which is sent from 
the base station, is fed from the receiver 57. In addition, 
the measuring error AD k is fed from the measuring error 
calculator 635. the total measuring time t k until the end 15 
of the present measurement is fed from the total meas- 
uring tame caicuUeor 631 . and the present actual meas- 
uring time T k and the present average received signal 
level are fed from the measuring block 61 . 

The corrected average received signal level R k and 20 
the total measuring time V thus obtained are stored in 
the memory 65. These are necessary for calculating the 
next corrected average received signal level. 

On the other hand, the calculator 31 of the base sta- 
tion computes the present transmission power control 25 
amount aP k given by the following equation. 

AP k = R re ,-R k + AS k (9) 

where ASx is a level setting error due to the step values 30 
of an attenuator for controlling the transmission power of 
the base station. Thus, the present transmission power 
control amount AP k is calculated by adding the received 
signal level reference value and the level setting error, 
and by subtracting from the sum the present corrected 35 
average received signal level R k . 

The controller 35 of the base station calculates the 
present transmission power P k by the following equation. 

f\ = Pk-i+*Pk (10) 40 

In other words, the present transmission power P k is 
obtained by adding the present transmission power con- 
trol amount AP k to the preceding transmission power P k . 
•). Then, the transmitting amplifier 45 is controlled such 45 
that its transmission power becomes P k . 

The transmitter 43 of the base station transmits the 
transmission power control amount AP k fed from the con- 
troller 35 to the mobile station. This value is needed when 
the mobile station calculates the corrected average so 
received signal level R k . 

Figs. 15 and 16 are flowcharts showing in more 
detail the operation of the transmission power control in 
the second embodiment, wherein Fig. 15 illustrates the 
operation of the base station, and Fig. 16 illustrates the 55 
operation of the mobile station. 



I. Control procedure of the base station 

1 . Initial procedure 

After completing the initial set at step SP31 of Fig. 
15, the base station starts transmission at predeter- 
mined initial transmission power P 0 at step SP32. The 
base station keeps the transmission power until the cor- 
rected average received signal level R-i is received from 
the mobile station. As the initial transmission power P 0 , 
the maximum transmission power of the base station, or 
the transmission power predetermined in accordance 
with the type of the mobile station can be employed. 

2. K-th transmission power control procedure 

The receiver 27 of the base station decides whether 
the next information is received or not from the mobile 
station at step SP33. Upon receiving the next informa- 
tion, the receiver 27 increments the measuring period 
number k by one at step SP34, and extracts at step SP35 
the k-th corrected average received signal level f\ sent 
from the mobile station. Subsequently, at step SP36, the 
calculator 31 computes the present transmission power 
control amount AP k by equation (9). At step SP37, the 
controller 35 of the base station computes the present 
transmission power P k by equation (10), and controls the 
transmitting amplifier 45 such that its transmission power 
is adjusted to P k at step SP38. 

At step SP39, the transmitter 43 of the base station 
transmits the transmission power control amount AP k fed 
from the controller 35 to the mobile station. That amount 
is needed by the mobile station to calculate the next cor- 
rected average received signal level. 

At step SP40, the receiver 27 detects whether or not 
the communications continue, and the calculator 31 ter- 
minates the processing if it detects the end of the com- 
munications. On the other hand, if the communications 
continue, the calculator 31 returns its control to step 
SP33, and awaits the next information from the mobile 
station. Upon receiving the next information, the receiver 
27 increments k at step SP34, and repeats similar pro- 
cedures. 

II. Control procedure of the mobile station 

The measuring block 61 of the mobile station starts 
measuring of the average received signal level simulta- 
neously with the start of the communications. After car- 
rying out the initial set at step SP51 of Fig. 16, the 
measuring block 61 measures the actual measuring time 
T k and average received signal level in each prede- 
termined measuring period T at step SP52. The meas- 
ured average received signal level are fed to the 
calculator 63 together with the actual measuring time T k . 

The total measuring time calculator 631 of the cal- 
culator 63 computes the total measuring time t* at step 
SP53 by adding the present actual measuring time T k to 
the preceding total measuring time t^ . At step SP54, 
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the measuring error calculator 635 of the calculator 63 
calculates the measuring error AD k of the mobile station 
by equation (1). At step SP55, the receiver 57 extracts 
the preceding transmission power control amount AP k .i 
from the received signal. In addition, the corrected aver- 5 
age received signal level calculator 633 of the calculator 
63 computes the corrected average received signal level 
R k at step SP56. 

At step SP57, the total measuring time tj<, the cor- 
rected average received signal level R k and the measur- 10 
ing error AD k are stored in the memory 65. These values 
are necessary for computing the next corrected average 
received signal level. At step SP58, the calculator 58 
informs the base station of the corrected average 
received signal level through the transmitter 73. is 

The foregoing processing are continued until the 
end of the communications is detected at step SP59. 
Specifically, the procedures at step SP52 and the follow- 
ing steps are continued during the communications by 
incrementing the measuring period number k at step 20 
SP61 every time the passing of the measuring period T 
is detected at step SP60. 

The present embodiment has an advantage that the 
calculation load of the base station is reduced because 
the calculation of the corrected average received signal 25 
levels is shared by respective mobile stations. 

Although the present embodiment obtains the cor- 
rected average received signal level R k by equation (8), 
a calculation method is not limited to this. For example, 
noticing the first term of the right-hand side of equation 30 
(8) and equation (9). it is seen that the following equation 
holds. 

R K -i +AP k-1 = R ref + AS k.1 (11) 

35 

Substituting the right-hand side of this equation into 
equation (8) will result in the corrected average received 
signal level R k . That is, the corrected average received 
signal level R k can be obtained by the following equation. 

40 

RK = {(Rre1 + ^S k . 1 )t k . 1 +Q k T h }/t k (12) 

In this case, it is sufficient that the level setting error aS|< 
be stored instead of the left-hand side of equation (11). 

The present invention has been described in detail 45 
with respect to various embodiments, and it will now be 
apparent from the foregoing to those skilled in the art that 
changes and modifications may be made without depart- 
ing from the scope of the claims. 

so 

Claims 

1 . A mobile satellite communication system in which a 
base station is connected with a mobile station via 
a communication satellite. ss 

said mobile station characterized by compris- 
ing: 

measuring means for obtaining an actual 
measuring time T k and an average received signal 



level Q k (k = 1 , 2, ...) in a predetermined measuring 
period T; and 

transmission means for informing said base 
station of said actual measuring time T k and said 
average received signal level Q k , and 

said base station characterized by compris- 
ing: 

means for extracting said actual measuring 
time T k and said average received signal level Q k 
from a received signal sent from said mobile station; 

means for calculating a total measuring time 
k which is a sum total of said actual measuring time 
T k ; 

means for obtaining a measuring error AD k of 
an average received signal level in said total meas- 
uring time t k ; 

storing means for storing a total measuring 
time tn.L a corrected average received signal level 
Ri^t and a transmission power control amount AP k . 
! at the end of a preceding measuring period of said 
mobile station; 

means for obtaining a corrected average 
received signal level R k at the end of a present 
measuring period of said mobile station on the basis 
of said corrected average received signal level R k .i , 
said transmission power control amount AP^, said 
total measuring time t^, said average received sig- 
nal level Q k , said actual measuring time T k and said 
total measuring time t k ; 

means for calculating a transmission power 
control amount AP k of said base station on the basis 
of said measuring error AD k and a difference 
between said corrected average received signal 
level R k and a predetermined reference value R ref 
of the received signal level of said mobile station; 
and 

means for obtaining present transmission 
power P k from said transmission power control 
amount AP k and preceding transmission power P k . 
1, and for controlling the transmission power of said 
base station by said present transmission power P k . 

2. The mobile satellite communication system as 
claimed in claim 1, characterized in that said base 
station comprises means for setting an initial value 
Po of said transmission power at a predetermined 
value. 

3. The mobile satellite communication system as 
claimed in claim 1, characterized in that said means 
for calculating a transmission power control amount 
obtains said present transmission power control 
amount AP k of said base station by adding said 
measuring error AD k to a difference between said 
reference value R r8) of the received signal level and 
said corrected average received signal level R k . 

4. The mobile satellite communication system as - 
claimed in claim 1, characterized in that said means 
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for calculating a transmission power control amount 
obtains said present transmission power control 
amount AP k of said base station by adding a sum of 
said measuring error AD k and a level setting error 
AS k at said base station to a difference between said 5 
reference value R re) of the received signal level and 
said corrected average received signal level R k . 

The mobile satellite communication system as 
claimed in claim 1 , characterized in that said means 10 
for obtaining said measuring error obtains said 
measuring error AD k by dividing a predetermined 
value C by a square root of said total measuring time 

15 

The mobile satellite communication system as 
claimed in claim 1 , characterized in that said means 
for obtaining said corrected average received signal 
level obtains said corrected average received signal 
level R k by the following equation: 20 

R k = {(R k . 1 +AP k . 1 )t k . 1 +Q k T k }/t k 

A mobile satellite communication system in which a 
base station is connected with a mobile station via ss 
a communication satellite, 

said mobile station characterized in that com- 
prising: 

measuring means for obtaining an actual 
measuring time T k and an average received signal 30 
level Q k (k = 1 . 2, ...) in a predetermined measuring 
period T; 

means for calculating a total measuring time 
t^ which is a sum total of said actual measuring time 
T k ; 35 

means for obtaining a measuring error AD k of 
an average received signal level in said total meas- 
uring time t^; 

storing means for storing a total measuring 
time t|<.i and a corrected average received signal 40 
level R k _i at the end of a preceding measuring period 
of said mobile station; 

means for extracting a transmission power 
control amount AP^ from a signal transmitted from 
said base station to said mobile station; 45 

means for obtaining a corrected average 
received signal level R k at the end of a present 
measuring period of said mobile station on the basis 
of said corrected average received signal level R k .-, , 
said transmission power control amount AP^ , said so 
total measuring time t^.-, , said average received sig- 
nal level Q k , said actual measuring time T k and said 
total measuring time t^; and 

transmission means for informing said base 
station of said corrected average received signal 55 
level R k , and 

said base station comprising: 

means for extracting said corrected average 
received signal level R k from a received signal sent 



from said mobile station; 

means for calculating said transmission 
power control amount AP k of said base station on 
the basis of a prestored level setting error AS k and 
a difference between said corrected average 
received signal level R k and a predetermined refer- 
ence value R ref of the received signal level of said 
mobile station; 

means for obtaining present transmission 
power P k from said transmission power control 
amount AP k and preceding transmission power P k . 
! , and for controlling the transmission power of said 
base station by said present transmission power P k ; 
and 

means for transmitting information on said 
present transmission power control amount AP k to 
said mobile station. 

8. The mobile satellite communication system as 
claimed in claim 7, characterized in that said mobile 
station further comprises means for setting an initial 
value Po of said transmission power at a predeter- 
mined value. 

9. The mobile satellite communication system as 
claimed in claim 7. characterized in that said means 
for calculating a transmission power control amount 
obtains said present transmission power control 
amount AP k of said base station by adding said level 
setting error AS k to a difference between said refer- 
ence value R ref of the received signal level and said 
corrected average received signal level R k . 

10. The mobile satellite communication system as 
claimed in claim 7, characterized in that said means 
for obtaining said measuring error obtains said 
measuring error AD k by dividing a predetermined 
value C by a square root of said total measuring time 
V 

11. The mobile satellite communication system as 
claimed in claim 7, characterized in that said means 
for obtaining corrected average received signal level 
obtains said corrected average received signal level 
R k by the following equation: 

R k ={(R k0 +AP k . 1 )t k . 1 +Q k T k }/t k - AD k 

12. A base station in a mobile satellite communication 
system in which the base station is connected with 
a mobile station via a communication satellite, said 
base station characterized by comprising: 

means for extracting from a received signal 
an actual measuring time T k and an average 
received signal level Q k (k = 1, 2, ...) in a predeter- 
mined measuring period T. said actual measuring 
time T k and said average received signal level Q|< 
being obtained at said mobile station and transmit- 
ted from said mobile station to said base station; 
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means for calculating a total measuring time 
t k which is a sum total of said actual measuring time 

T k ; 

means for obtaining a measuring error AD k of 
an average received signal level in said total meas- 5 
uring time 

storing means for storing a total measuring 
time t k .-|, a corrected average received signal level 
R k _i and a transmission power control amount AP k . 
1 at the end of a preceding measuring period of said ro 
mobile station; 

means for obtaining a corrected average 
received signal level R k at the end of a present 
measuring period of said mobile station on the basis 
of said corrected average received signal level R k .-|, 15 
said transmission power control amount AP k .-| , said 
total measuring time t^ , said average received sig- 
nal level Q k , said actual measuring time T k and said 
total measuring time t|<; 

means for calculating a transmission power s0 
control amount AP k of said base station on the basis 
of said measuring error AD k and a difference 
between said corrected average received signal 
level R k and a predetermined reference value R ref 
of the received signal level of said mobile station; 25 
and 

means for obtaining present transmission 
power P k from said transmission power control 
amount AP k and preceding transmission power P k . 
1 , and for controlling the transmission power of said 30 
base station by said present transmission power P k . 

1 3. A mobile station for use in a mobile satellite commu- 
nication system in which a base station is connected 
with a mobile station via a communication satellite, 35 
said mobile station characterized by comprising: 

measuring means for obtaining an actual 
measuring time T k and an average received signal 
level Q k (k = 1 , 2. ...) in a predetermined measuring 
period T; and *> 

transmission means for informing said base 
station of said actual measuring time T k and said 
average received signal level Q k . 

1 4. A mobile station for use in a mobile satellite commu- 4s 
nication system in which a base station is connected 
with a mobile station via a communication satellite, 
said mobile station characterized by comprising: 

measuring means for obtaining an actual 
measuring time T k and an average received signal so 
level Q k (k = 1 , 2, ...) in a predetermined measuring 
period T; 

means for calculating a total measuring time 
t^ which is a sum total of said actual measuring time 



55 



means for obtaining a measuring error A0 k of 
an average received signal level in said total meas- 
uring time V. 

storing means for storing a total measuring 



time t^ and a corrected average received signal 
level R k --\ at ^ e end of a preceding measuring period 
of said mobile station; 

means for extracting a transmission power 
control amount AP k _i from a signal transmitted from 
said base station to said mobile station; 

means for obtaining a corrected average 
received signal level R k at the end of a present 
measuring period of said mobile station on the basis 
of said corrected average received signal level R k .i , 
said transmission power control amount AP k .-|, said 
total measuring time t k _i, said average received sig- 
nal level Q k , said actual measuring time T k and said 
total measuring time t k ; and 

transmission means for informing said base 
station of said corrected average received signal 
level R k . 

1 5. A base station for use in a mobile station in a mobile 
satellite communication system in which a base sta- 
tion is connected with a mobile station via a commu- 
nication satellite, said base station characterized by 
comprising: 

means for extracting a corrected average 
received signal level R k from a received signal sent 
from said mobile station; 

means for calculating a transmission power 
control amount AP k of said base station on the basis 
of a prestored level setting error ASk and a difference 
between said corrected average received signal 
level R|< and a predetermined reference value R re f 
of the received signal level of said mobile station; 

means for obtaining present transmission 
power P k from said transmission power control 
amount AP k and preceding transmission power P k . 
i, and for controlling the transmission power of said 
base station by said present transmission power P k ; 
and 

means for transmitting information on said 
present transmission power control amount AP k to 
said mobile station. 

1 6. A mobile satellite communication system in which a 
base station is connected with a mobile station via 
a communication satellite, 

said mobile station characterized by compris- 
ing: 

measuring means for obtaining an actual 
measuring time T k and an average received signal 
level Q k (k = 1 , 2, ...) in a predetermined measuring 
period T; and 

transmission means for informing said base 
station of said actual measuring time T k and said 
average received signal level Q k . and 

said base station characterized by compris- 
ing: 

means for extracting said actual measuring 
time T k and said average received signal level <\ 
from a received signal sent from said mobile station; 
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means for calculating a total measuring time 
tk which is a sum total of said actual measuring time 

T k ; 

means for obtaining a measuring error AD k of 
an average received signal level in said total meas- 
uring time t|<; 

means for obtaining a total error AE k by add- 
ing said measuring error AD k to a predetermined 
level setting error AS k ; 

storing means for storing a total measuring 
time t k .i, a corrected average received signal level 
R k _i and a transmission power control amount AP k . 
, at the end of a preceding measuring period of said 
mobile station; 

means for obtaining a corrected average 
received signal level R k at the end of a present 
measuring period of said mobile station on the basis 
of a predetermined reference value R re( of the 
received signal level of said mobile station, said total 
error AE k , said total measuring time t^.i. said aver- 
age received signal level Q|<, said actual measuring 
time T k and said total measuring time by the fol- 
lowing equation; 

R k = {(R re( +AE k . 1 )t k . 1 +QKT k }/t k 

means for calculating a transmission power 
control amount AP k of said base station on the basis 
of said total error AE k and a difference between said 
reference value R rS f of the received signal level and 
said corrected average received signal level R k ; and 

means for obtaining present transmission 
power P k from said transmission power control 
amount AP k and preceding transmission power P k . 
1 , and for controlling the transmission power of said 
base station by said present transmission power P k . 

17. A mobile satellite communication system in which a 
base station is connected with a mobile station via 
a communication satellite, 

said mobile station characterized by compris- 
ing: 

measuring means for obtaining an actual 
measuring time T k and an average received signal 
level Q k (k = 1, 2, ...) in a predetermined measuring 
period T; 

means for calculating a total measuring time 
tfc which is a sum total of said actual measuring time 

means for obtaining a measuring error AD k of 
an average received signal level in said total meas- 
uring time t|<; 

storing means for storing a total measuring 
time t^., and a corrected average received signal 
level R k>1 at the end of a preceding measuring period 
of said mobile station; 

means for extracting a transmission power 
control amount AP k .i from a signal transmitted from 
said base station to said mobile station; 



means for obtaining a corrected average 
received signal level R k at the end of a present 
measuring period of said mobile station on the basis 
of a reference value R rsf of the received signal level 
5 of said mobile station, a predetermined level setting 
error AS|< of said base station, said total measuring 
time tu.i, said average received signal level Q k , said 
actual measuring time T k and said total measuring 
time ^ by the following equation; 

10 

Rk-KR^ + as^jv, +QJ k }/t k 

transmission means for informing said base 
station of said corrected average received signal 
15 level Rfc, and 

said base station comprising: 
means for extracting said corrected average 
received signal level R k from a received signal sent 
from said mobile station; 
so means for calculating said transmission 

power control amount AP k of said base station on 
the basis of said level setting error AS|< and a differ- 
ence between said corrected average received sig- 
nal level R k and said predetermined reference value 
25 R re( of the received signal level of said mobile sta- 
tion; 

means for obtaining present transmission 
power P k from said transmission power control 
amount AP k and preceding transmission power P k _ 
30 1 , and for controlling the transmission power of said 
base station by said present transmission power P k ; 
and 

means for transmitting information on said 
present transmission power control amount AP k to 
35 said mobile station. 

18. A transmission power control method in a mobile 
satellite communication system in which a base sta- 
tion is connected with a mobile station via a commu- 
40 nication satellite, 

said method characterized by comprising the 
steps of: 

obtaining an actual measuring time T k and an 
average received signal level Q k (k = 1, 2, ...) in a 
45 predetermined measuring period T at said mobile 
station; 

calculating a total measuring time t k which is 
a sum total of said actual measuring time T k ; 

obtaining a measuring error AD k of an aver- 
50 age received signal level in said total measuring time 

V. 

storing a total measuring time t^, a cor- 
rected average received signal level R k _i and a 
transmission power control amount AP k _i at the end 
55 of a preceding measuring period of said mobile sta- 
tion; 

obtaining a corrected average received sig- 
nal level R k at the end of a present measuring period 
of said mobile station on the basis of said corrected 
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average received signal level R k .i . said transmission 
power control amount AP k .i, said total measuring 
time Vi . said average received signal level Q k , said 
actual measuring time T k and said total measuring 
time t k ; s 

calculating a transmission power control 
amount AP k of said base station on the basis of said 
measuring error AD k and a difference between said 
corrected average received signal level R k and a 
predetermined reference value R ref of the received w 
signal level of said mobile station; and 

obtaining present transmission power P k 
from said transmission power control amount AP k 
and preceding transmission power P k .-, , and for con- 
trolling the transmission power of said base station »5 
by said present transmission power P k . 



20 



25 



30 



35 



40 



45 



50 



55 



15 



EP 0 717 508 A2 




RECEIVED 

SIGNAL 

LEVEL 



16 



EP 0 717 508 A2 



O 




TRANSMISSION mB 

LEVEL OF So 
BASE 

STATION HE* 

E-«W 
WW 

t>w 
h«; 

— w« 
< o 

— ww 

KO 



m 
— 4fe 

> J2PQO 

H^iKOH 

uo w <: 
KtoHora 



CM 
— 4t= 

WHM 

^2«0 
SSOH 
WSOSEj 
UO W rtj 

WHS WEi 



W H W 
W <HS 

> jamo 
hSkoh 

UO W ri! 
"H3WE< 
WHOW 



3 



w 



w 



w 




TRANSMISSION 
LEVEL OF 
MOBILE 
STATION 




TOTAL ERROR E 
INCLUDED IN 
TRANSMISSION 
POWER CONTROL 
VALUE OF 
BASE STATION 



am — 
. !ho u 

E*E-<S — 



17 



RNpnnr:irv ^cd n7i 7pao i 



EP 0 717 508 A2 




EP 0 717 508 A2 




EP 0 717 508 A2 




20 



EP 0 717 508 A2 



SIGNAL 
IDENTIFIER 
(ID) 



AVERAGE RECEIVED 
SIGNAL LEVEL 
INFORMATION 
(QjO 



ACTUAL 
MEASURING TIME 
(Tk) 



RECEIVED SIGNAL LEVEL INFORMATION (SG) 



FIG. 6 



21 



EP 0 717 508 A2 




22 



EP 0 717 508 A2 



RECEIVED SIGNAL, 
RECEIVED DATA 



^5 



-611 



MEASURING PERIOD 
CONTROLLER 



-613 



RECEIVED SIGNAL 
LEVEL DETECTOR 



MEASURING BLOCK 



61 



— Tk 



FIG. 8 



23 



EP 0 717 508 A2 



i 



Cm 

<] 



< 



w-i 



04 

<3 





TRANSMISSION MS 
LEVEL OF CDO 
BASE g£ 
STATION Pk 

HE-" 

ww 

2 u 

PlO 



TRANSMISSION 
LEVEL OF 
MOBILE 
STATION Qk 



« 




TOTAL ERROR AEk 
INCLUDED IN 
TRANSMISSION 
POWER CONTROL 
VALUE OF 
BASE STATION 



24 



EP 0 717 508 A2 



^ START ^ 



INITIAL SET: k = 1 



1 



SPl 



MEASURE AND CALCULATE 
ACTUAL MEASURING TIME 
Tk AND AVERAGE RECEIVED 
SIGNAL LEVEL Qk IN k-TH 
MEASURING PERIOD 



COMMUNICATIONS 
CONTINUE? 



YES 



NEXT MEASURING 
SECTION? 

YES 



k + 1 



-SP2 







SEND Tk AND Qk TO 
BASE STATION 


► 







SP3 




SP4 



FIG. 10 



25 



EP 0 717 508 A2 



c 



START 



. sp 

INITIAL SET : k = 0,to = Ro = APo = 0 y — v_/ 

1 u SE 



SPll 



SP12 



TRANSMIT AT TRANSMISSION POWER Po 



NO 



< 



RECEIVE NEXT INFORMATION? 




SP13 



YES 



k = k + 1 



SP14 



EXTRACT MEASURING TIME Tk AND 
AVERAGE RECEIVED SIGNAL LEVEL Qk 
FROM RECEIVED SIGNAL TRANSMITTED 
FROM MOBILE STATION 



CALCULATE TOTAL MEASURING TIME 
tk = tk - 1 + Tk (= Tl + Ta +. . .+ Tk) 



T 



CALCULATE LEVEL MEASURING ERROR ADk 
ADk = C/ (tk) 1 ' 2 

WHERE C IS A CONSTANT 



T 



CALCULATE CORRECTED AVERAGE RECEIVED 
SIGNAL LEVEL Rk 
Rk = { (Rk-l+APk-l) tk-l + Qk Tk}/tk 



SP15 



SP16 



SP17 



SP18 



CALCULATE TRANSMISSION POWER CONTROL 

AMOUNT APk 
APk = Rref - Rk + AEk 
WHERE Rref IS A REFERENCE VALUE OF 
RECEIVED SIGNAL LEVEL; AND 
AEk = ADk + ASk 
WHERE ASk IS A LEVEL SETTING ERROR 
AT BASE STATION 



SP19 



STORE Rk , APk , tk 



TRANSMIT AT TRANSMISSION POWER 
Pk = Pk-l + APk 



T 



YES 



COMMUNICATIONS CONTINUE? 




SP22 



c 



NO 
END 



FIG. 1 1 



26 



EP 0 717 508 A2 




27 



EP 0 717 508 A2 




28 



EP 0 717 508 A2 






Pi 




g 




RECE 





29 



EP 0 717 508 A2 



c 



START 



INITIAL SET: k = 0 



SP31 



TRANSMIT AT TRANSMISSION POWER P 



NO 



< 



o 



SP32 



RECEIVE NEXT INFORMATION 



SP33 



YES 



k = k + 1 



I 



SP34 



EXTRACT CORRECTED AVERAGE RECEIVED 
SIGNAL LEVEL Rk 



SP35 



CALCULATE TRANSMISSION POWER CONTROL 

AMOUNT APk 
APk = Rref - Rk + ASk 

WHERE ASk IS A LEVEL SETTING ERROR 
AT BASE STATION 



SP36 



CALCULATE TRANSMISSION POWER Pk 
Pk = Pk-l + APk 



TRANSMIT AT TRANSMISSION POWER Pk 



INFORM MOBILE STATION OF 
TRANSMISSION POWER CONTROL 
AMOUNT APk 



YES 



<5 



SP37 



SP38 



SP39 



COMMUNICATIONS CONTINUE? 



NO 
END 



^^V^SP40 



FIG. 1 5 



30 



EP 0 717 508 A2 



START ^ 



INITIAL SET; k=l,to = Ro = APo = 0 



SP51 



MEASURE AND CALCULATE ACTUAL 
MEASURING TIME Tk AND 
AVERAGE RECEIVED SIGNAL LEVEL Qk 
IN k-TH MEASURING PERIOD 



,SP52 



CALCULATE TOTAL MEASURING TIME 
tk = tk-i + Tk (= Tl + . . . + Tk) 



,SP53 



CALCULATE LEVEL MEASURING ERROR ADk 
ADk=C/ (tk)l'2 

WHERE C IS A CONSTANT 



EXTRACT PRECEDING TRANSMISSION POWER 
CONTROL AMOUNT APk-i 
FROM RECEIVED SIGNAL 



CALCULATE CORRECTED AVERAGE RECEIVED 
SIGNAL LEVEL Rk 
Rk={ (Rk-l+APk-l) tk-l+Qk • Tk}/tk - ADk 



,SP54 



,SP55 



,SP56 



STORE tk, Rk ADk 



INFORM BASE STATION OF Rk 



J^^SP57 



i 



SP58 



NO 



COMMUNICATIONS 


CONTINUE? 




YES 


COMMUNICATIO] 


MS 


CONTINUE? 



SP59 
NO 



SP60 



YES 



k : k + 1 



f~~ 

Q END ^ 



,SP61 



FIG. 1 6 



31 



(19) 



J) 



(12) 



(88) Date of publication A3: 

24.07.1996 Bulletin 1996/30 

(43) Date of publication A2: 

19.06.1996 Bulletin 1996/25 

(21 ) Application number: 95308993.5 

(22) Date of filing: 11.12.1995 



Europaisches Patentamt 
European Patent Office 
Off ice europeen des brevets (11) EP 0 717 508 A3 

EUROPEAN PATENT APPLICATION 

(51) IntCI. 6 : H04B 7/005 



(84) 


Designated Contracting States: 


• Kobayashi, Hiroshi 




DC GBSE 


Isogo-ku, Yokohama-shi, Kanagawa 235 (JP) 






• Ohno, Yoshihisa 


(30) 


Priority 1X12.1994 J P 308893/94 


Isogo-ku, Yokohama-shi, Kanagawa 235 (JP) 


(71) 




• Kodama, Eiji, 


Applicant: NTT MOBILE COMMUNICATIONS 


NTT Aougadai Dokushinryo A-306 




NETWORK INC. 


Kanazama-ku, Yokohama-shi, Kanagawa 235 




Mtnato-ku, Tokyo 105 (JP) 


(JP) 


(72) 


Inventors: 


(74) Representative: Beresford, Keith Denis Lewis et 




Furukawa, Kenji 


al 




Isogo-ku, Yokohama-Shi, Kanagawa 235 (JP) 


BERESFORD & Co. 


• 


Nishi, Yakushi 


2-5 Warwick Court 




Yokosuka-shi, Kanagawa 238-03 (JP) 


High Holborn 






London WC1 R 5DJ (GB) 



(54) Mobile satellite communication system 

(57) A transmission power control method in a 
mobile satellite communication system implementing 
accurate control of transmission power of a base station 
by obtaining an average received signal level at a 
mobile station at high accuracy. The mobile station 
measures an average received signal level in a pre- 
determined period (step SP2). and informs the base 
station of the average received signal level and an 
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calculates a total measuring time t^ which is the sum 
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uring time t k (step SP18), and a measuring error AD k 
(step SP17), and controls the transmission power on 
the basis of these values (step SP21). Estimating the 
measuring error AD k in the total measuring time tk 
longer than the individual actual measuring time T k 
makes it possible to reduce the measuring error, 
thereby implementing highly accurate transmission 
power control. 
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